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where  A is t he  biological  response  (percent  decreased  
m e a n  a r te r ia l  pressure) ,  Amax is the  m a x i m a l  response,  
x is t h e  c o n c e n t r a t i o n  of h i s t a m i n e  (~.g/kg), and  K~ is 
t he  dissocia t ion c o n s t a n t .  I n  th i s  ins tance ,  Kx is also t he  
c o n c e n t r a t i o n  of h i s t a m i n e  needed  to p roduce  one-hal f  
t he  m a x i m u m  response.  T h e  i n t e r cep t  in e q u a t i o n  (1) is 
1/Amax, which  p rov ides  t he  va lue  of m a x i m a l  response  
f rom which  one-ha l f  t he  m a x i m u m  response  is ca lcula ted .  
Tile c o n c e n t r a t i o n  Kx a t  wh ich  t he  one-hal f  m a x i m u m  
response  occurs  can  also be  o b t a i n e d  f rom t he  leas t  
squares  so lu t ion  to  e q u a t i o n  (1) b y  s imple  a lgebra ic  
m a n i p u l a t i o n .  K~ is the  dose ra t io  of the  c o n c e n t r a t i o n s  
of agonis t  needed  in t i le  p resence  and  absence  of an t ag -  
on is t  to  p roduce  t he  same response.  Theore t ica l ly ,  for 
compe t i t i ve  an t agon i sm,  the  doseresponse  curves  w i t h  
and  w i t h o u t  a n t a g o n i s t s  should  be  para l le l  a n d  of equa l  
he igh  or m a x i m a l  response  0,10. The  response  in vivo,  
however ,  is compl i ca t ed  b y  the  i n t e r ac t i on  of d i f fe ren t  
phys io logica l  sys tems,  r e su l t ing  in th i s  i n s t ance  in in- 
creased m a x i m a l  response  a f te r  an t agon i sm.  

The  m a x i m a l  responses  to  h i s t a m i n e  a f te r  a n t o g o n i s m  
do n o t  differ  s ign i f i can t ly  f rom each  o the r  b u t  do differ  
s ign i f ican t ly  f rom the  m a x i m a l  response  wtlen h i s t a m i n e  
is g iven  a lone (Table).  Th i s  would  seem to ind ica te  t h a t  
some fac to r  is p r e sen t  wh ich  modu la t e s  t he  effect  of the  
agonis t  and  is a b s e n t  a f t e r  t he  an t agon i s t s  are given.  

One e x p l a n a t i o n  for th i s  m a y  be based  on  t he  s t i m u l a t -  
ing effect  of h i s t a m i n e  on  tile ad rena l  medu l l a  caus ing  
t he  l ibe ra t ion  of c a t echo l amines  w i t h  the i r  cha rac t e r i s t i c  

,pressor effects  12, ~3. The  response  to h i s t a m i n e  would  t h u s  
be  a s u m m a t i o n  of pressor  and  depressor  effects. The  
release of ca t echo lamines  b y  h i s t a m i n e  is abol i shed  b y  
a n t i h i s t a m i n e s ;  t h i s  could resu l t  in  t he  increased  max i -  
ma l  response  a f te r  a n t i h i s t a m i n e s  are given.  To t e s t  th i s  
possibi l i ty ,  3 m o n k e y s  were  g iven  a n  ~-adrenergic  block-  
ing a g e n t  (phenozybenzamine ,  2 mg/kg)  which  would 
p r e s u m a b l y  b lock  a n y  m o d u l a t i n g  effect  of ca techot -  
amines  on  t he  m a x i m a l  response.  Af te r  th i s  t r e a t m e n t ,  
t he  m a x i m a l  effect  was  increased  to 47%,  p r o v i d i n g  a 
possible  e x p l a n a t i o n  for t he  d i sc repancy  (Figure 1). 

A l t h o u g h  the  L i n e w e a v e r - B u r k e  m e t h o d  is an  excel- 
l en t  m e a n s  of d e t e r m i n i n g  t he  m a x i m a l  response  of an  
agonis t ,  t h e  va lue  of t he  d issocia t ion  cons t an t ,  w h e n  
based  on  b lood  pressure  presponses ,  is of lesser accuracy .  
The  c o n c e n t r a t i o n  of t i le d rug  in c o n t a c t  w i t h  recep tors  
m a y  be d i f fe ren t  f rom the  c o n c e n t r a t i o n  in the  c i rcu la t ing  
b lood wh ich  is a ref lec t ion of t h e  c o n c e n t r a t i o n  of the  
in j ec t an t .  The  changes  in b lood  pressure  ref lect  a com- 
pos i te  of changes  in t h e  en t i re  ca rd iovascu la r  sys t em 9. 
The  d issoc ia t ion  c o n s t a n t  be tween  a d rug  and  i ts  re- 
cep tors  m a y  be d i f fe ren t  in d i f fe ren t  tissue, hence  the  
d issoc ia t ion  c o n s t a n t  d e t e r m i n e d  f rom in v ivo  d a t a  m u s t  
be  v iewed w i t h  these  fac tors  in mind .  

12 j .  H. BUI~N and H. H. DALE, J. Physiol., Lond. 61, 185 (1926). 
la U. TRENDELENBUR% Br. J. Pharniac. 9, 481 (1954). 
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Summary. The  specific a c t i v i t y  of CAT and  A C h E  was d e t e r m i n e d  in d i f fe rent  regions of the  ch ick  e m b r y o  opt ic  lobe 
a t  severa l  s tages  of deve lopmen t .  :Regional differences  in CAT a c t i v i t y  appea red  in 9-day-old r ec tum,  be ing  the  pos tero-  
basa l  area  t he  one w i t h  h ighe r  e n z y m a t i c  ac t iv i ty .  On  the  o t h e r  hand ,  a t  6 th  and  13 th  day  of deve lopmen t ,  t he  levels 
of A C h E  and  CAT are s imi la r  t h r o u g h o u t  t he  opt ic  lobe. 

The  a v i a n  opt ic  r e c t u m  is an  excel lent  mode l  to  s t u d y  
t he  p a t t e r n  of d e v e l o p m e n t  of a ne rvous  cen te r  a n d  t he  
effect  of pe r iphe ra l  i n n e r v a t i o n  upon  its d i f fe ren t ia t ion .  
A sizable b o d y  of l i t e ra tu re ,  ga the red  ill t h e  las t  few 
years  2-4, has  p rov ided  ins igh t  in to  the  m a j o r  fea tures  
of i ts  deve lopmen t .  Thus ,  i t  is k n o w n  t h a t  severa l  phases  
of cell p ro l i fe ra t ion  a n d  m i g r a t i o n  are i n v o l v e d  in t he  
o rgan iza t i on  of i ts  precise  l a m i n a t e d  s t r u c t u r e  so t h a t ,  
b y  t he  12th  d a y  of deve lopmen t ,  all  t he  m a i n  s t r a t a  of 
t he  m a t u r e  r e c t u m  are recognizable .  A t  e v e r y  s tage  i ts  
a n t e r o - l a t e r o - v e n t r a l  po r t i on  is f u r t he r  deve loped  t h a n  
t he  caudo-dorso -media l  region.  

The  opt ic  nerve ,  w h i c h  is t he  m a i n  a f fe ren t  connec t ion  
of t he  r ec tum,  reaches  i ts  a n t e r o - v e n t r a l  base  a r o u n d  t h e  
6 th  d a y  of d e v e l o p m e n t  and  progress ively  i nvades  the  
t e c t a l  surface in a n  a n t e r o - v e n t r a l  (AV) to pos te ro-dorsa l  
(PD) sequence,  para l le l ing  t he  g r ad i en t  of morpholog ica l  
d i f f e ren t i a t ion  and  cell pro l i fe ra t ion .  Be t w een  days  12 
a n d  13 of d e v e l o p m e n t  t h e  growing f ron t  of t he  opt ic  
f ibres has  i n v a d e d  all  p a r t s  of the  t e c t u m  inc lud ing  i ts  
pos te ro-dorsa l  surface 5. 

The  p re sen t  s t u d y  ana lyzes  w h e t h e r  t he  A V - P D  wave  
of c y t o a r c h i t e c t o n i c  d i f f e ren t i a t ion  and  of s equen t i a l  in- 
g r o w t h  of r e t i na l  f ibres  across the  t ec t a l  surface is also 
para l le led  b y  a d i f fe rent ia l  e n z y m a t i c  a c t i v i t y  of the  

neu ra l  cells. For  th i s  purpose ,  t he  a c t i v i t y  of the  enzymes  
of the  chol inergic  sys tem,  chol ine  ace ty l t r ans fe ra se  (CAT) 
and  ace ty lcho l ines te rase  (ACHE) was d e t e r m i n e d  in dif- 
f e ren t  regions of t he  opt ic  lobe a t  severa l  s tages of devel-  
opmen t .  

Materials and methods. Eggs f rom a fert i le  s tock  of 
W h i t e  Leghorns  were i n c u b a t e d  a t  37~ W h e n  the  em- 
b ryos  r eached  t he  desi red s tage of deve lopmen t ,  t h e y  
were r e m o v e d  f rom the  shell  and  washed  severa l  t imes  
w i th  H a n k s  sal ine solut ion.  

Since t he  opt ic  lobe undergoes  a r o t a t i o n  of 90 ~ be- 
tween  days  7 a n d  13 of deve lopmentS ,  6, i t  is e x t r e m e l y  
i m p o r t a n t  to  def ine t he  coord ina tes  used to isolate  t he  
d i f fe rent  regions. I n  t h e  6-day-old  embryo ,  t he  r e c t u m  

1 Acknowledgments. The authors are deeply indebted to Drs R. 
ADLER, A. M. SUBURO and J. LATORRE for their critical reading 
of the manuscript. This work was supported by a grant from the 
Consejo Nacional de Investigaciones Cientificas y Tecnicas de la 
Republics Argentina. 
J. H. LA VAIL and W. M. COWAN, Brain Res. 28, 391 (1971). 
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4 W. M. COWAN, A. H. MARTIN and E. WENGER, J. exp. Zool. 169, 
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a S. GOLDBERG, Devl Biol. 36, 24 (1974). 
6 K. T. ROGERS, J. exp. Zool 144, 77 (1960). 
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Table f. Activities of CAT and AChE in A and P halves of 6-day-old 
teetum 

AChE �9 CAT b 

A 7.41 ~ 0.45 0.44 • 0.04 
p < 0.02 p < 0.8 

P 6.37 ~ 0.54 0.43 i 0.02 

Each value represents the average from at least 4 different sets of 
experiments. 

Specific activity is expressed in ~zmoles of acetylcholine synthesized 
per h per mg DNA, plus or minus SD. 
b Specific activity is expressed ia ~moles of acetylthiocholine 
hydrolyzed per rain per mg DNA, plus or minus SD. The experimen- 
tal values were compared with the Student's t-test. 

Table II. Activities of CAT and AChE ill D and V halves of 9-day-old 
teetum 

AChE CAT 

V 11.60 j_ 1.14 1.52 -L 0.11 
p < 0.2 p < 0.001 

1) 11.86 ~ 1.69 0.48 =L 0.069 

For references see Table I. 
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A) 6-day-old embryo brain, lateral view. Line z-z' indicate the plane 
of dissection. A, anterior; P, posterior. 
B) 9-day-old embryo brain, lateral view. Optic lobes were dissected 
in halves following the plane x-x'  and in quadrants according to 
planes x-x'  and y y'. AV, anteroventral; AD, anterodorsal; PV, 
posteroventral; PD, posterodorsal. 
C) 13-day-old embryo brain. The plane of dissection is indicated by 
the line x-x'. D, dorsal; V, ventral. 

7 R. E. McCA~IAN and J. M. HUNT, J. Neurochem. 72, 253 (1965). 
s G. L. ELLMAN, K. D. COURTNEu V. ANDRES JR. and R. M. 

FEAT~ERSTONE, Biochem. Pharmac. 7, 88 (1961). 
9 K. BURTON, Biochem. J. 62, 315 (1956). 

~0 G. R. DE LONG and A. J. COULOMBRE, Expl. NeuroI. 13, 350 (1965). 

appears  roughly  oval when  viewed laterally,  the  longer 
axis of the  oval is considered an te ropos te r io r  (AP) while 
the  shor ter  axis is def ined as dorsovent ra l  (DV) in coin- 
cidence wi th  the  encephal ic  axes. Opt ic  lobes of this  age 
were separa ted  in to  an anter ior  (A) and  pos ter ior  (P) re- 
gion. Line z - z '  in Figure A ind ica te s  tile plane of sec- 
t ioning. 

At  day  9 of deve lopment ,  the  A P  and  DV axes of the  
t e c t u m  are displaced counterclockwise wi th  respect  to the  
posi t ion t h e y  had  3 days  earlier (compare, for instance,  
the  x - x '  axis in Figure A and  B). At  th is  stage, the  optic  
lobe was d iv ided into dorsal  (D) and ven t ra l  (V) halves  
following the  x - x '  axis. In  a 2nd group of exper iments ,  
the  t e c t u m was separa ted  into q u a d r a n t s  according to the  
planes x - x '  and y - y '  (the l a t t e r  is considered to be the  
former  A - P  tec ta l  axis;  Figure B). 

At  the  13th day  of deve lopment ,  af ter  the  90 ~ tec ta l  
ro ta t ion,  the  longer tec ta l  axis is now D - V  while the  
shor te r  one is def ined as the  A P axis. The optic  lobes of 
this  age were separa ted  into dorsal  (D) and ven t ra l  (V) 
regions (Figure C). 

The di f ferent  regions thus  ob ta ined  were freed from the  
sur rounding  mesenchyme,  washed  several  t imes  wi th  
Hanks  saline solution,  collected in 5 ml  tubes  and finally 
homogenized  wi th  a tef lon pest le  homogenizer  in a small  
volume of double  disti l led water .  

CAT and AChE act ivi t ies  were de t e rmined  according 
to the  techniques  of )/~cCAMAN et al. ~ and ELLMAN et al. s 
respectively.  D N A  concen t ra t ion  was measured  following 
the  colorimetr ic  procedure  of BURTON 9. CAT specific 
ac t iv i ty  is expressed as ~moles of acetylchol ine  syn the-  
sized per  h per  mg of DNA, while AChE specific ac t iv i ty  
is expressed as ~zmoles of acetyl thiocol ine hydro lyzed  
per  min per  mg of DNA. 

Resu l t s  and  discussio~z. At the  6th day  of deve lopment ,  
the  anter ior  and poster ior  regions of the  optic  lobe have  
a lmos t  ident ical  CAT activit ies,  while AChE level is 
s l ight ly higher  in the  former  (Table I). 3 days  later  CAT 
ac t iv i ty  in the  ven t r a l  half  of the  t e c t u m  is s ignif icant ly 
higher  t h a n  t h a t  of the  dorsal  half  (Table II). The anal-  
ysis of the  enzyme levels p resen t  in the  quadran t s  no t  
only conf i rmed the  exis tence of th is  regional difference in 
CAT ac t iv i ty  b u t  also showed t h a t  the  enzyme levels de- 
creases f rom the  basal  to the  dorsal  areas in the  following 
sequence:  PV > AV > AD > PD (Table III) .  AChE ac- 
t iv i ty  is similar in all quadran ts .  

At  the  13th day  of deve lopmen t  the  D and V halves  
into which the  opt ic  lobes were divided showed a lmost  
ident ical  CAT and  AChE act ivi t ies  (Table IV). 

At  a f irst  glance, the  presence of h igher  CAT ac t iv i ty  
a t  day  9, in the  P B  q u a d r a n t  t han  in the  others,  plus t he  
fact  t h a t  the  enzyme  levels diminishes  in a clockwise 
fashion (PV > AV > AD > PD), could be in te rp re ted  
as an indicat ion t h a t  the  p a t t e r n  of b iochemical  differen- 
t ia t ion  does no t  follow the  A V - P D  wave of morphological  
d i f ferent ia t ion  and  of sequent ia l  ing rowth  of ret inal  af- 
ferents.  Only if the  ro ta t ion  of the  optic  lobe is t aken  
into account  does there  appear  to  be a coincidence be- 
tween  these  th ree  events .  Therefore,  before discussing the  
possible significance of these results,  it  m a y  be helpful to  
recapi tu la te  some events  of the  opt ic  lobe deve lopment .  
At  the  6th day  of incubat ion,  the  longer axis coincides 
wi th  the  A P  axis of the  body  and i t  is a round  this  age 
t h a t  the  re t ina l  fibres reach the  AV region. The fibres 
would then  move  in an AV-PD direction,  forming finally 
a raphe  in the  caudomedia l  zone of the  dorsal  region of 
the  t e c t u m  5,1~ Due to  the  counterclockwise ro ta t ion  of 
the  rec tum,  the  posi t ion of the  quad ran t s  is displaced 90 ~ 
wi th  respect  to the  main  body  axes, so t h a t  the  AV region 
of the  6 day  stage - the  first  to be covered by  the  af ferent  
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axons  - becomes PV, whereas  the  former  P V  and  now PD 
would be the  last  to receive th is  fibres by  day  12-13. On 
this  basis, one of the  possible exp lana t ions  for the  wave  
of increasing levels of CAT act ivi t ies  across the  tec ta l  
surface could be the  presence of th is  enzyme in t he  
growing axons.  The absence of regional differences in 
enzyme levels, bo th  a t  the  6th and a t  the  13th day  of 
deve lopment ,  could be re la ted to the  fact  t h a t  the  former  
still lacks re t inal  af ferents  while the  la t t e r  is fully covered 
by  them.  Al though  i t  n lay  be wor thwhi le  to fu r ther  ex- 
plore th is  possibil i ty,  there  is some evidence t h a t  seems 
to indica te  t h a t  opt ic  fibres are no t  cholinergic 11. 

Table III. Activities of CAT and AChE in quadrants of 9-day-old 
tectum 

AChE CAT 

PV 12.71 :i_ 0.56 1.78 J_ 0.12 
p < 0.2 p < 0.005 

AV 11.20 • 0.62 1.24 i 0.15 
p < 0 . 2  p < 0 . 2  

AD 12.39 -}- 0.97 0.90 ~_ 0.094 
p < 0 . 2  #<0 .0 1  

PD 11.48 • 0.36 0.64 ~ 0.092 

For references see Table I. 

Table IV. Activities of CAT and AChE in D and V halves of 13-day- 
old tectum 

AChE CAT 

V 19.56 • 0.52 2.61 • 0.15 
p < 0.1 p < 0.2 

D 18.12 -~- 0.67 2.85 j_ 0.18 

For references see Table I. 

OI1 the  o the r  hand,  the  augmen ta t ion  of CAT ac t iv i ty  
migh t  depend  upon t r ansneurona l  influences exer ted  by  
the  incoming re t inal  fibres upon  the  tec ta l  cells. This pos- 
s ibi l i ty is suggested by  the  results  ob ta ined  in our labo- 
r a to ry  which showed tha t ,  when  dissociated re t ina  cells 
and optic  lobe cells are allowed to form mixed  aggregates  
in cul ture  condit ions,  the  ac t iv i ty  of CAT b u t  no t  of 
AChE is h igher  t h a n  t h a t  p resen t  when each cell t ype  is 
cul tured alone 1,, la. In  order  to account  for the  differences 
found be tween  the  two basal  quad ran t s  or the  two dorsal  
ones, it  would be necessary  to  pos tu la te  t h a t  the  inter-  
act ion is d e p e n d e n t  e i ther  upon the  n u mb er  of opt ic  
fibres t h a t  are present  or upon  the  t ime they  have  been  
in con tac t  wi th  the  tec ta l  cells. 

Al terna t ive ly ,  the  grad ien t  in CAT ac t iv i ty  p resen t  in 
the  t e c t u m  of 9-day-old embryos  could be the  biochemical  
express ion of the  au tonomous  AV-PD wave of morpho-  
logical d i f ferent ia t ion 2, ~. For  instance,  the  level of enzyme 
ac t iv i ty  migh t  depend  on the  d i f ferent ia t ion  of a cer ta in  
type  of cholinergic neuron,  still absen t  in the  6-day-old 
embryo,  preferent ia l ly  localized in the  ven t ra l  area of the  
t e c t u m  3 days  later  and un i formly  d is t r ibu ted  t h roughou t  
the  optic  lobe at  the  13th day  of deve lopment .  Since 
there  are some indicat ions  t h a t  up to the  12th day  of 
deve lopmen t  bo th  the  morphological  and biochemical  
d i f ferent ia t ion  of the  t e c t u m  are i ndependen t  of the  pres-  
ence of re t inal  afferents  4, ~, 1~, the  sequent ia l  increase of 
CAT ac t iv i ty  can also be an intr insic  p ro p e r t y  of the  
tec ta l  ceils. 

A l though  this  s tudy  clearly shows the  existence of 
regional  differences in CAT ac t iv i ty  in the  developing 
rec tum,  the  causal  re la t ionship  be tween  the  ret inal  fibres 
and the  increased levels of CAT ac t iv i ty  in the  tectaI  
regions covered by  them,  remains  a crit ical quest ion.  
E x p e r i m e n t s  in progress ill our l abora to ry  are a imed to 
de te rmine  the  effect  of early deaf fe ren ta t ion  on the  t em-  
poral  sequence of b iochemical  d i f ferent ia t ion  of the  
t ec tum.  

11 A. K. TEBECIS, Brain Res. 63, 31 (1973). 
12 R. ADLER and G. TEITELMAN, Devl. Biol. 39, 317 (1974). 
1~ R. ADLER, G. TEITELS~AN and A. M. SIJBURO, Devl. Biol. 50, 48 

(1976). 
14 j .  p. KELLY and W. IVI. COWAN, Brain Res. ,42, 263 (1972). 
is p. C. MAeCHISIO, J. Neuroehem. 76, 665 (1969). 

D y s l e x i a  and Spec i f i ca l ly  D i s tor ted  D r a w i n g s  of the Face  - a N e w  S u b g r o u p  wi th  P r o s o p a g n o s i a -  
Like  S i g n s  
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Summary. Ident i f ica t ion  of a subgroup (38%) of dysIexics (new syndrome  ?). These, aga ins t  controls  (5.5%), d rew 
'neol i thic '  face conf igurat ions  analogous to  those  visual ly exper ienced in prosop-agnosia .  Essent ia l  s y m p t o m s  of th is  
subgroup  are seen as resul t  of specific early ways  of processing visual da ta :  lexical shapes  (letters, words) and facial 
features,  as if these  were concre te  enti t ies,  no t  abs t rac t  c o m p o n e n t  par ts .  Thus, wi th  let ters,  t aken  as entit ies,  d = q, 
d = b , N  = Z .  

This  s t u d y  is based on the  following two posi t ions,  
discussed by  CRITCHLEu ~ and  based on the  def ini t ion of 
dyslexia  by  the  Wor ld  Federa t ion  of Neurology as 'a  
disorder  in children,  who, despi te  convent iona l  classroom 
experience,  fail to  a t t a in  the  language skills of reading,  
wr i t ing  and spelling c o m m e n s u r a t e  w i th  the i r  intel lectual  
abi l i t ies 'a :  1. In  general,  t he  incidence of dyslexia  is 

known  to decrease wi th  increasing age, bu t  in par t icu lar  
cases i t  m a y  persist .  2. This  suggests  t h a t  specific neuro-  
logical dys func t ion ing  exis ts  alone or combined  wi th  a 
deve lopmen ta l  lag in a cer ta in  subgroup of dyslexics.  
(Both these  factors  m a y  show a familial  t r end  as well.) 
The purpose  of the  p resen t  s t u d y  is to a t t e m p t  a del inea- 
t ion of some specific neurological  factors  in such a sub- 


